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1. The problem

This research was concerned with three aspects ot an integrated approach
to the design of high-speed cam-follower systems.

The first was the gathering of experimental data and measurements on a
modern, high-speed cam-follower system--in this case a current Pontiac four-
cylinder engine.

The second was the development and veritication ot a predictive
dynamic model for high-speed cam-follower systems.

And the third was the application of optimal-control theory to the
optimization of high-speed cam-follower systems in the design stage.

2. Results

The objectives of the research with regard to the above three problems,
have been achieved.

With regard to the first problem, the research had been motivated in
part by a lack of experimental data on high-speed cam-follower systems in
the published literature. in planning for the measurements considerable
instrumentation was developed and made specifically for this purpose and
measurements at both low and high speeds covered a wide range of system
performance. We were particul'arly encouraged, by the scope and quality of
what we believe to be pioneering experimental data and measurements on a
modern high-speed cam-follower system. When published this date should
represent a frame of reference for research investigators in the field of
high-speed cam design for the foreseeable future.

The experimental data has also been essential in the formulation and
verification of a predictive dynamic model of high-speed cam-follower
systems. The key to the development of the model was the combination of
basic measurements of system response, the modeling of the return spring
as a distributed-parameter system and the accurate determination of system
damping characteristics. The model thus involves the solution of a system
of ordinary differential equations coupled to a partial differential equation.
It possesses the capability of predicting the performance not only of well
behaved systems, but also--and more significantly--the onset of patholo-
gical behavior, such as toss, valve bounce and spring surges. This
accomplishment realizes a basic requirement for the develofhient of ultra-
high speed cam-follower systems, including military equipment.

The optimization phase of this research project focused on the appli-
cation of optimal-control theory to the determination of optimum values
of system performance parameters. This included the analysis of non-
linear models and the investigation of two-dimensional parameters, such as
pressure angles and curvatures.

Eventually a balanced optimization procedure was developed, which

achieves control both of cam-toliower contact stress and residual vibra-
tions.
3. Publications

1. "Optimization of high-speed cam-follower systems using optimal
control theory." Ph.D dissertation ot Meng-Sang Chew, Depart-
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ment of Mechanical Engineering, Lolumbia University, July 1980;
available from University Microfilms, Ann Arbor, Michigan.

2. "The analytic development and experimental verification of a
high-speed cam-follower system," doctoral dissertation of
Albert Pisano, Department of Mechanical Engineering, Columbia
University, June 1981, 282 pp; available from University
Microfilms, Ann Arbor, Michigan.

Note: Approximately four journal articles are in preparation for
presentation at the 1982 ASME Mechanisms Conference in Washing-
ton, D.C.
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